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PROBLEM STATEMENT

An industrial autonomous vehicle
produced by Bastian Solutions has
a bulky wheel drive assembly. To
conserve onboard space, a shorter
axial length of the drive assembly is
desired.

Current wheel drive system

,



DESIGN REQUIREMENTS

Condition A B

Torque (lb-in) 146 25

Speed (rpm) 275 750

Acceleration (ft/s^2) 4 8

Duration of Load (s) 10 t > 10

Power Constraints

Max 48 volts     Max 80 Amps

Gearbox Life

30,000 hr 5 year service life

BOM Cost

$2,000 Max



INITIAL CONCEPTS

• Dual Koll-Morgen Motors

• 6:1 Framo-Morat Gearbox

• Thin Gap Motor

• 6:1 Framo-Morat Gearbox



SOLUTION

• Thin Gap Motor • Custom Gear Box



THE MOTOR
TG5153 by thin gap

• 4 hp

• 31 in-lb

• 10,000 RPM

• 93% efficient



THE GEARS

6:1 Planetary gear set

• Driving Sun

• Driven Carrier

• Untreated Carbon Steel

 24 hr life    𝜂 = 3
• Cheap and Available

Stationary Ring

Motor-Driven Sun

Planet Carrier Output



THE OUTPUT SHAFT

Shaft:

• ¾” 1018CD Steel

• Infinite Life

Bearings:

• Roller ball bearings

• 𝜂𝑠 = 2.4
• 𝜂𝑑 = 4.2



PERFORMANCE RESULTS
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OIL VALIDATION
Factors:

• Webbing

• Foaming

• Efficiency

• Gear noise

Results:

• Weight: 85W-190

• Volume: 50mL

• 𝜂 ≈ 80%



SOLUTION SUMMARY

Satisfies:
• Size requirement          4.5” length
• High speed condition   750 RPM, 25 lb-in
• Power limitations          48V, 80A
• Budget limitation          $2000

Does Not Satisfy:
• Gear life desired           24hrs vs 2500hrs
• Low speed condition    TBD vs 275 RPM, 146 lb-in



MOVING FORWARD

Current Solution:
• Test to design conditions

• Use adequate motor driver

• Integrate optimal gears

• Carburized

• More Compact

• 2500hr life



MOVING FORWARD

Prototype Two:
• Integrate optimal gears

• Crossed-roller bearing

• More compact

• Higher load support

• Lower precision required

• Simplifies custom components
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